Abstract. Pancreatic cancer is the fourth leading cause of cancer-associated deaths in Western countries, and ranks sixth among cancer-associated diseases, with the highest mortality rate in China. Deregulation of micro (miR) RNA may contribute to the occurrence and progression of numerous cancers, including pancreatic cancer. In particular, deregulation of microRNA-720 (miR-720) has been reported in various types of human cancer. However, the expression and biological role of miR-720 in pancreatic cancer remains to be elucidated. The present study aimed to investigate the expression and functional role of miR-720 in pancreatic cancer and determine the underlying regulatory mechanism. The results demonstrated that miR-720 was expressed at low levels in pancreatic cancer tissue samples and cell lines. Upregulating miR-720 suppressed pancreatic cancer cell proliferation and invasion in vitro. Additionally, cyclin D1 (CCND1) was identified as the direct target gene of miR-720 in pancreatic cancer. Furthermore, CCND1 was significantly upregulated in pancreatic cancer tissues and inversely correlated with miR-720 expression. Furthermore, CCND1 re-expression partially abrogated the inhibitory effects of miR-720 on pancreatic cancer cells. Overall, miR-720 may act as a tumor suppressor by directly targeting CCND1 in pancreatic cancer.
Introduction
Pancreatic cancer is the fourth leading cause of cancer-related deaths in Western countries (1) and ranks sixth among cancer-related diseases with the highest mortality rate in China (2) . Approximately 39,590 and 227,000 deaths due to pancreatic cancer are recorded annually in the USA and worldwide, respectively (3) . Pancreatic ductal adenocarcinoma, the most common type of pancreatic cancer, accounts for more than 85% of all pancreatic cancer cases (4) . Currently, surgery resection is the primary treatment for long-term survival of patients with pancreatic cancer. However, only approximately 10-20% of pancreatic cancer cases are suitable for surgery at the time of diagnosis because of difficulty in early diagnosis, local aggression and rapid progression (5) . Despite considerable efforts to improve early detection and treatments for patients with pancreatic cancer, the overall prognosis remains unsatisfactory with 5-year survival rate of lower than 10% (6) (7) (8) . Moreover, the causes of pancreatic cancer remain unknown, although our knowledge of pancreatic cancer biology has progressed (9) . Therefore, the mechanisms underlying pancreatic cancer formation and progression must be elucidated to develop effective therapeutic strategies for patients with this malignancy.
MicroRNAs (miRNAs) constitute a group of endogenous, noncoding and approximately 20-22 nucleotide-long RNAs that function as post-transcriptional regulators (10) . MiRNAs modulate messenger RNA (mRNA) expression by base pairing to complementary sites in the 3'-untranslated regions (3'-UTRs) of target mRNAs, thereby inducing the degradation of the target mRNAs or inhibiting the translation of the target mRNAs (11) . MiRNAs regulate over 30% coding genes (11) . Moreover, miRNAs participate in various physiological processes, including cell proliferation, cycle, apoptosis, differentiation, metabolism and development of cells and pathological conditions, such as cardiovascular diseases, neurological diseases and tumours (12) (13) (14) . Studies have reported that miRNAs are aberrantly expressed in various kinds of human cancers, such as pancreatic cancer (15) , colorectal cancer (16), lung cancer (17) and bladder cancer (18) . Depending on the characteristic of their target mRNAs, miRNAs may function as either oncogenes or tumour suppressors and thus play important roles in the occurrence and development of cancer (19) . Therefore, the expression and roles of miRNAs in tumourigenesis and tumour development must be determined to elucidate the formation and progression of human cancers and improve the diagnosis and therapy of cancers.
Deregulation of miR-720 deregulation has been reported in several types of human cancers (20) (21) (22) mRNA. The sequences of the primers used for PCR were as follows: miR-720 forward, 5'-GCG TGC TCT CGC TGG GG-3' and reverse, 5'-GTGCAGGGTCCGAGGT-3'; U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'; CCND1 forward, 5'-CGG AGG ACA ACA AAC AGA TC-3' and reverse, 5'-GGG TGT GCA AGC CAG GTC CA-3'; and GAPDH forward, 5'-ACA ACT TTG GTA TCG TGG AAG G-3' and reverse, 5'-GCC ATC ACG CCA CAG TTT C-3'. Each sample was performed in triplicate and relative expression was analyzed using the 2 -ΔΔCt method (23) .
Cell counting kit 8 (CCK 8) assay. CCK8 (Dojindo Laboratories, Kumamoto, Japan) assay was used to determine cell proliferation according to the manufacturers instructions. In brief, cells were plated into 96-well plates at a density of 3x10 3 cells per well. Cells were then transfected with miRNA mimics or plasmid, and incubated at 37˚C with 5% CO 2 for 0, 24, 48, or 72 h. At every time point, 10 µl CCK8 regent was added to the medium and the cells were incubated for a further 4 h. Following incubation, the absorbance at a wavelength of 450 nm was detected using an enzyme-linked immunosorbent assay reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Three independent experiments were performed with three replicates in each.
Matrigel invasion assay. Cell invasion ability was determined using a 24-well Matrigel-coated Transwell chamber with an 8-µm pore-size polycarbonate membrane (BD Biosciences, San Jose, CA, USA). After incubation 48 h, 1x10 5 transfected cells in 200 µl FBS-free DMEM were seeded into the upper chamber, after which 500 µl DMEM with 10% FBS was added into the lower chamber. Cells were then incubated at 37˚C with 5% CO 2 for 20 h. Subsequently, cells on the upper side of the membranes were removed slightly by the dry cotton swabs. Invasive cells were fixed in methanol, stained with 0.5% crystal violet, photographed and counted in five representative microscopic fields under a light microscope (Olympus IX53; Olympus, Tokyo, Japan).
Bioinformatic analysis. Target genes of miR-720 were searched using the TargetScan (http//www.targetscan.org) and miRBase (http://www.mirbase.org/).
Luciferase reporter assay. The targeting relationship between miR-720 and 3'-UTR of CCND1 was detected by using luciferase reporter assay. Luciferase reporter vector containing the wild-type (pMIR-CCND1-3'-UTR WT) or mutant (pMIR-CCND1-3'-UTR MUT) 3'-UTR of CCND1 were synthesized by GenePharma Co., Ltd. Cells were seeded into 24-well plates at a density of 60-70% confluence and then co-transfected with the pMIR-CCND1-3'-UTR WT or pMIR-CCND1-3'-UTR MUT and miR-720 mimics or NC by using Lipofectamine 2000. 48 h after co-transfection, cells were harvested and luciferase activities were detected using the Dual-Luciferase assay system (Promega, Madison, WI, USA), according to the manufacturer's protocol. Firefly luciferase activities were normalized to Renilla luciferase activities. Each assay was performed as three replicates.
Western blotting. Total protein were extracted from tissues or cells using radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) supplemented with a protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA). Protein concentration was examined using a BCA Protein Assay kit (Beyotime Biotechnology, Haimen, China). Equal quantities of protein were separated by 10% SDS-PAGE and electrotransferred onto PVDF membranes (EMD Millipore, Billerica, MA, USA). Subsequently, the membranes were blocked by 5% non-fat milk in Tris-based saline-Tween 20 (TBST) for 1 h at room temperature and blotted with primary antibodies: mouse anti-human CCND1 monoclonal antibody (sc-450; 1:1,000 dilution; Santa Cruz Biotechnology, CA, USA) or mouse anti-human GAPDH monoclonal antibody (sc-47724; 1:1,000 dilution; Santa Cruz Biotechnology, CA, USA). After washing thrice in TBST for 5 min, the membranes were incubated with a corresponding horseradish peroxidase-conjugated secondary antibody (sc-2005; 1:5,000 dilution; Santa Cruz Biotechnology, CA, USA) at room temperature for 1 h. Finally, proteins were detected by enhanced chemiluminescence (ECL) using a Pierce™ ECL Western Blotting detection system (Thermo Fisher Scientific, Inc., Rockford, IL, USA), and the protein intensities were quantified using Quantity One software (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistical analysis. All statistical analyses were performed using student's t test or one way ANOVA test with SPSS software (version 16; SPSS, Inc., Chicago, IL, USA). Data are presented as mean ± standard deviation. P value less than 0.05 were considered significant.
Results

miR-720 expression is downregulated in pancreatic cancer
tissues and cell lines. RT-qPCR analysis was performed in twenty-three pairs of pancreatic cancer tissues and matched adjacent normal pancreatic tissues to determine miR-720 expression. The results showed that miR-720 was significantly downregulated in pancreatic cancer tissues compared with that in their matched adjacent normal pancreatic tissues ( Fig. 1A; P<0.05). Furthermore, miR-720 expression was detected in pancreatic cancer cell lines (Panc-1, Bxpc-3, Sw1990, Aspc-1) and a human normal pancreatic cell line (HPDE6c7). As shown in Fig. 1B , the expression levels of miR-720 decreased in pancreatic cancer cell lines than that in HPDE6c7 cells (P<0.05). The expression of miR-720 significantly decreased in Panc-1 and Sw1990 cell lines, which were then selected for subsequent experiments.
miR-720 inhibits the proliferation and invasion of pancreatic cancer cells.
To delineate the potential roles of miR-720 in pancreatic cancer, we firstly transfected miR-720 mimics into Panc-1 and Sw1990 cells, which expressed relatively low miR-720 expression among four examined pancreatic cancer cell lines. RT-qPCR analysis was conducted to determine transfection efficiency. The results showed that miR-720 was markedly upregulated in Panc-1 and Sw1990 cells after transfection with miR-720 mimics ( Fig. 2A; P<0 .05). CCK8 assay was used to examine the effect of miR-720 overexpression on pancreatic cancer cell proliferation. As shown in Fig. 2B , upregulating miR-720 reduced the proliferation of Panc-1 and Sw1990 cells (P<0.05). Moreover, we performed Matrigel invasion assay to assess the effect of miR-720 on the invasion capacity of pancreatic cancer. Restoring the miR-720 expression reduced the invasive capability in both Panc-1 and Sw1990 cells ( Fig. 2C; P<0 .05). Hence, miR-720 may function as a tumour suppressor in pancreatic cancer.
miR-720 directly targets and mediates CCND1 expression.
To investigate the molecular basis of miR-720 in regulating pancreatic cancer, we screened the potential targets of miR-720 by using bioinformatics analysis. We focused on CCND1 as putative target (Fig. 3A) because it plays important roles in pancreatic cancer initiation and progression (24) (25) (26) . Luciferase reporter assay was performed in Panc-1 and Sw1990 cells transfected with miR-720 mimics or NC, along with pMIR-CCND1-3'-UTR WT or pMIR-CCND1-3'-UTR MUT, to determine whether or not CCND1 is a direct target of miR-720. As shown in Fig. 3B , miR-720 introduction decreased the luciferase activity of the wild-type CCND1 3'-UTR (P<0.05) but did not change of the activity of the mutant CCND1 3'-UTR.
To determine whether miR-720 could regulate endogenous CCND1 expression, we measured CCND1 mRNA and protein expression levels in Panc-1 and Sw1990 cells transfected with miR-720 mimics or NC. miR-720 overexpressing reduced the CCND1 expression in Panc-1 and Sw1990 cells at both mRNA ( Fig. 3C; P<0 .05) and protein ( Fig. 3D; P<0 .05) levels. Hence, miR-720 directly targets the 3'-UTR of CCND1 and downregulates CCND1 mRNA and protein expression levels in pancreatic cancer cells.
CCND1 expression is upregulated and negatively related to miR-720 expression in pancreatic cancer.
To further explore the functional significance of miR-720 in pancreatic cancer, we evaluated its association with CCND1 in pancreatic cancer tissues. RT-qPCR analysis was performed to quantify CCND1 mRNA expression in 23 pairs of pancreatic cancer tissues and matched adjacent normal pancreatic tissues. CCND1 mRNA expression increased in pancreatic cancer tissues compared with that in the adjacent normal pancreatic tissues ( Fig. 4A;  P<0.05 ). In addition, Western blot analysis indicated that the protein expression level of CCND1 was significantly higher in pancreatic cancer tissues than that in the adjacent normal pancreatic tissues ( Fig. 4B; P<0.05) . Furthermore, Spearman's correlation analysis revealed that CCND1 mRNA was inversely correlated with miR-720 expression in pancreatic cancer tissues ( Fig. 4C ; r=-0.6105, P=0.0020).
CCND1 reverses the tumour suppressive roles of miR-720 in pancreatic cancer.
To further identify whether the tumour-suppressing roles of miR-720 in pancreatic cancer cell proliferation and invasion were mediated by CCND1, we performed rescue experiments by introducing pcDNA 3.1-CCND1 in the presence or absence of miR-720 mimics in Panc-1 and Sw1990 cells. As shown in Fig. 5A , the ectopic expression of miR-720-induced downregulation of CCND1 was rescued by transfection of pcDNA 3.1-CCND1 (P<0.05). In addition, the increased expression of CCND1 could partially abrogate the inhibitory effects of miR-720 on the proliferation and invasion of pancreatic cancer cells ( Fig. 5B and C; P<0.05). These findings suggested that miR-720 serves as a tumour suppressor in pancreatic cancer, at least in part, by negatively regulating CCND1.
Discussion
Deregulation of miRNA might contribute to the occurrence and progression of many cancer types, including pancreatic cancer (27) (28) (29) . A large number of miRNAs play crucial roles in the proliferation, apoptosis, cycle, metastasis and angiogenesis of pancreatic cancer cells; hence, suggesting that miRNA could be used in pancreatic cancer diagnosis and treatment (30) (31) (32) . In the present study, miR-720 was downregulated in pancreatic cancer tissues and cell lines. Resumption of miR-720 expression suppressed the proliferation and invasion of pancreatic cancer cells in vitro. Furthermore, CCND1 was validated as a direct and functional target of miR-720 in pancreatic cancer. These results indicated that miR-720 acts as a tumour suppressor in pancreatic cancer and thus can be used to treat patients with pancreatic cancer.
Dysregulation of miR-720 has been reported in several types of human cancer. For example, miR-720 expression decreased in breast cancer tissues and was found to be significantly correlated with lymph node metastasis (20) . A previous study indicated that miR-720 was upregulated in cervical cancer tissues compared with that in normal cervical tissues (21) . In colorectal cancer, the expression levels of miR-720 was higher in tumour tissues than that in corresponding normal-appearing tissues. High miR-720 expression is correlated with tumour size, tumour-node-metastasis stage, lymphatic metastasis and distant metastasis and could lead to poor 5-year overall survival rate in patients with colorectal cancer (22) . Additionally, miR-720 expression increased remarkably in the serum of patients with colorectal cancer compared with that in healthy patients. The expression level of miR-720 is also associated with male gender and lymph node metastasis in patients with colorectal cancer. Thus, miR-720 expression exhibits tissue specificity, and may be a prognostic marker in these specific types of cancer.
Several studies have identified the functions of miR-720 in cancer progression. For instance, miR-720 served as a tumour suppressor in breast cancer by inhibiting tumour cell metastasis both in vitro and in vivo (20) . Nevertheless, miR-720 was validated as an oncogene in tumourigenesis and development. Tang et al reported that restoration expression of miR-720 decreased E-cadherin expression, increased vimentin expression and promoted cervical cancer cell migration (21). Wang et al found that miR-720 overexpression promoted cell proliferation, colony formation ability and metastasis of colorectal cancer (22) . These conflicting findings indicate that miR-720 exhibits tissue specificity, which could be explained by the non-ideal complementarity of the interactions between miRNA and their direct target genes.
The targets of miR-720 include TWIST1 (20) in breast cancer, Rab35 (21) in cervical cancer, StarD13 in colorectal cancer (22) and GATA3 in macrophages (33) . The present study demonstrated that CCND1 is a direct functional target of miR-720 in pancreatic cancer, as supported through several lines of evidence. Firstly, bioinformatics analysis predicted that CCND1 is a potential target of miR-720. Secondly, miR-720 overexpression decreased CCND1 3'-UTR luciferase activity, an effect abolished by the mutation of the miR-720 seed region. Thirdly, miR-720 negatively regulated CCND1 expression in pancreatic cancer cells at mRNA and protein levels. Furthermore, CCND1 was upregulated in pancreatic cancer tissues and inversely correlated with miR-720 expression. The enforced expression of CCND1 could also partially abrogate the inhibitory effects of miR-720 on pancreatic cancer cells. These results demonstrate that CCND1 is a direct target gene of miR-720 in pancreatic cancer.
The CCND1 gene, located on chromosome 11q13, is a well-known oncogene that is frequently overexpressed in various kinds of human cancers, such as breast cancer (34) , lung cancer (35) , gastric cancer (36) and bladder cancer (37) . In pancreatic cancer, CCND1 was overexpressed in tumour tissues; the expression of this gene is significantly correlated with extent of differentiation and poor prognosis (38, 39) . CCND1 also plays important roles in pancreatic cancer formation and progression. Functional assays demonstrated that CCND1 knockdown inhibited cell proliferation, soft agar colony formation, metastasis, metabolism in vitro and cell growth in vivo (24) (25) (26) . Moreover, CCND1 underexpression increased the chemosensitivity of pancreatic cancer cells to 5-fluorouracil, 5-fluoro-2'-deoxyuridine and mitoxantrone by downregulating multiple chemoresistance genes (40) . Hence, regulating miR-720/CCND1 axis could be a novel and effective therapeutic strategy for inhibiting the rapid growth and metastasis of pancreatic cancer.
In conclusion, miR-720 acted as a tumour suppressor in pancreatic cancer by directly targeting CCND1. The precise mechanism of miR-720/CCND1 axis in pancreatic cancer must be determined to elucidate the pathogenesis of pancreatic cancer and develop new treatment approach for patients with pancreatic cancer.
